The changes in composition of the complex lipids were followed during the greening of dark-grown pea (Pisum sativum) and bean (Phaseolus vulgaris) seedlings. No Whole leaves were used in the present work to avoid the possibility of enzymic degradation of glycerolipids during plastid isolation (8, 15) . Certain glycerolipids (e.g., the galactolipids) are confined mainly to the plastids (6), and therefore particular attention has been paid to changes in the galactolipids during greening. Since the completion of this work, Tremolieres and Lepage (17) have reported on the lipid composition of greening pea seedlings. However, their study was concerned more with long term changes (up to 96 hr), while the present work has concentrated on the early stages of the greening process, during which the dramatic changes in structure of the plastids occur (7). The onset of photosynthetic oxygen evolution is also observed during the first few hours of greening (1 6).
sulfolipid showed a marked increase between 24 and 72 hours in the bean. Trans-A3-hexadecenoic acid was the major fatty acid of phosphatidyl glycerol in bean leaves at 72 hours, but it was barely detectable at 24 hours. The lipid composition of greening leaves is discussed in relation to the fine structure and photochemical activity of the developing plastids.
that the internal membranes of the etioplast are the building blocks for the photosynthetically competent thylakoids of the chloroplast. Previously in this laboratory we have studied the development of photochemical activity in plastids from greening pea (16) and bean seedlings (1) in relation both to chlorophyll formation and the changes in fine structure of the plastids.
Whole leaves were used in the present work to avoid the possibility of enzymic degradation of glycerolipids during plastid isolation (8, 15) . Certain glycerolipids (e.g., the galactolipids) are confined mainly to the plastids (6) , and therefore particular attention has been paid to changes in the galactolipids during greening. Since the completion of this work, Tremolieres and Lepage (17) have reported on the lipid composition of greening pea seedlings. However, their study was concerned more with long term changes (up to 96 hr), while the present work has concentrated on the early stages of the greening process, during which the dramatic changes in structure of the plastids occur (7) . The onset of photosynthetic oxygen evolution is also observed during the first few hours of greening (1 6).
The changes in fine structure which occur in higher plant plastids during chloroplast development have been studied extensively (7). The internal membranes of an etioplast of a dark-grown seedling are organized mainly into one or more paracrystalline three-dimensional tubular structures which are termed "prolamellar bodies." On illumination of the etiolated seedlings, the prolamellar bodies are dispersed into sheets of perforated membranes which give rise to the lamellae. Then follows a fusion and elaboration of the lamellae in certain regions to form grana. These electron microscope studies strongly suggest that there is a continuity of membrane structures during chloroplast development, rather than a breakdown of the membranes of the prolamellar bodies of the etioplast followed by a resynthesis of the membranes of the developing chloroplast.
In the present study, we have examined the glycerolipid composition of greening pea and bean seedlings. Chloroplast thylakoids contain about 50% by weight of lipid, mainly glycerolipid (6) (5) . This washed chloroform solution was dried in a rotary evaporator, and the leaf lipid was redissolved in 1 ml of chloroform for separation into neutral plus dipolar lipids and acidic lipids by column chromatography on diethylaminoethylcellulose (13) . One minor modification was that the acidic lipids were eluted from the column in 25 ml of chloroform-methanol (6:4 v/v) containing 0.2% ammonium acetate. The two fractions from the column were concentrated to 1 ml in chloroform and further separated by thin layer chromatography for quantitative analysis of constituent glycerolipids (13, 14) .
For analysis of fatty acid composition the glycerolipids from diethylaminoethyl-cellulose chromatography were separated by semipreparative thin layer chromatography, and the lipids were located on chromatograms by lightly staining in iodine vapor. Chromatograms were then quickly transferred to vac-ROUGHAN AND BOARDMAN (Tables II and III) (cf., (17)).
The fatty acid composition of the individual glycerolipids during greening are shown in Tables IV and V. There was no significant change in the fatty acid compositions of the galactolipids during 24 hr of greening in the pea or the bean, but there was a slight increase in as-linolenic acid at 72 hr in the bean. All lipids showed an increase in a-linolenic acid between 24 and 72 hr in the bean. The increase was very large in PC and may possibly be related to the proposed role of this phospholipid in the biosynthesis of a-linolenic acid (12) . The changes in oleic acid content of PC were also very marked, particularly in the bean. The relative proportion of oleic acid in PC increased from 1% in etiolated bean leaves to 12% after 12 hr of illumination, and then decreased again to 1% at 72 hr. A similar trend was observed for peas (Table IV) . This surprising fluctuation in the oleic acid content is also consistent with the proposed role of PC in the biosynthesis of a-linolenic acid (12) . The monoenoic 16-carbon fatty acid, trans-A&-hexadecenoic acid was absent from PG in the etiolated leaf. It was barely detectable in the bean leaf after 24 hr of illumination. but by 72 hr it was a major component of PG. The content of palmitic acid in PG showed a corresponding decline between 24 and 72 hr.
The analyses reported in this paper show that there is little change in the lipid composition of the greening leaf during the period of membrane reorganization in the plastid. The structural changes which occur in pea etioplasts following illumination of dark-grown seedlings were examined in this TIhe onset of photochemical oxygen evolution (Hill activity) in plastids isolated from 10-day-old pea seedlings is first observable at about 5 hr of greening (2, 16) . The Hill activity increases rapidly between 5 and 8 hr of greening, and this correlates with the formation of grana.
Our results suggest that the initial formation of photosynthetically-competent thylakoids does not require the synthesis of substantial amounts of new lipid material. This implies that all the essential lipid components, with the exception of chlorophyll, are already present in the etioplast, possibly in DGD than the grana-containing mesophyll chloroplasts (3). It seems apparent from our results that trans-L\3-hexadecenoic acid, which is one of the major fatty acids of PG in green leaves (18) is not essential either for grana formation or for photochemical oxygen evolution. At 24 hr in the bean, trans-A3-hexadecenoic acid was barely detectable, but grana were well formed and the isolated plastids showed good Hill activity (1) . Trans-A3-hexadecenoic acid does not occur in some bluegreen algae, which indicates that it is not essential for photosynthesis in these algae (6) .
The relatively high concentrations of the galactolipids and a-linolenic acid in etiolated leaves is in marked contrast to their low contents in dark-grown cells of Euglena gracilis and the y-2 mutant of Chlamydomonas reinhardi (4, 11) . This probably reflects the high degree of development in the higher plant etioplast compared with the proplastid of the dark-grown algae.
